Abstract-A fabric based on cellulose derivatives has been hydrophobized via coating with oligochloromethylethoxysiloxane and then treated with butyl alcohol, benzyl alcohol, and higher fatty alcohols. With the use of X-ray photoelectron spectroscopy, it has been shown that the reaction of alcohols with the siloxane coating proceeds through the exchange of ethoxysilane groups for higher alkoxy groups, whereas the expected reaction of chloromethyl groups with alcohols (the Williamson reaction) does not occur under the chosen conditions.
INTRODUCTION
Many polymer properties-such as adhesion, wettability, sorption, permeability, and biocompatibility-are determined by the 1-to 1000-nm-thick polymer surface layer. The targeted change in these properties requires the modification of only the mentioned layer, with the polymer bulk, as well as the characteristics of the polymer bulk (strength, elastic modulus, glass-transition temperature), remaining the same. In spite of the increasing application of plasma, different types of radiation, and other physical factors of surface modification, the methods of classical "wet" chemistry based on the surface treatment with liquid reagents remain most widespread. It is noteworthy that the methods of chemical-surface modification are efficient not only for polymers with clearly cut surfaces, like films and bulk solids, but also for polymer materials with fibrous structures, with the geometric surface of a material itself differing from the surfaces of individual fibers. The applicability of individual physical methods for surface modification of the above-mentioned materials is very limited.
Fabrics based on cellulose derivatives are most the demanded objects for the surface modification of fibrous materials. For individual applications, these fabrics have some disadvantages: high hydrophilicity and high water permeability of surface layers. This problem is frequently solved via the introduction of hydrophobic additives as solutions, emulsions, or latexes into fibrous materials. The disadvantages of the above approach are related to the disruption of the coating uniformity and the material microstructure as a result of the additive shrinkage during drying. Moreover, the mentioned compounds are not bound to fibers chemically and can be gradually eliminated from fabrics in the course of repeated chemical cleaning and washing.
The chemical addition of a single-layer or multilayer nanocoating with a hydrophobic outer layer to the fiber surface is a feasible alternative to the conventional methods of fabric hydrophobization. The methods of "wet" chemistry are widely used to endow fabrics based on cellulose and its derivatives with desired surface properties. This circumstance is related also to the methods of hydrophobization discussed in detail in the review by A.G. Cunha and A. Gandini [1] as well as in more recent studies [2] [3] [4] [5] [6] . In particular, review [1] deals with studies of hydrophobization, where individual alkoxysilanes are discussed as crosslinkers.
In the present study, the chemical modification of artificial fibers based on cellulose derivatives was studied. The method is based on the formation of a layer of an oligomer organosilicon modifier deca(chloromethyl)dodeca(ethoxy)decasiloxane on the fiber surface followed by treatment of the fabric with higher fatty alcohols. Apart from the practical applications of the above method, the mechanism of the alcohol immobilization on the siloxane coating is of interest. The possible options are the reaction of chloromethyl groups with alcohols (the Williamson reaction [7] ) and the reaction of exchange of ethoxysilane groups for higher alkoxy groups. To find out the preferential reaction, X-ray photoelectron spectroscopy, which makes it possible to determine the content and valence state of atoms in the surface layers, was used.
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EXPERIMENTAL
In this study, the reagents chloromethyltriethoxysilane (98%; Penta, Russia); butyl alcohol (high-purity grade; Angarsk Plant of Chemical Reagents, Russia); and heptyl alcohol, benzyl alcohol, nonyl alcohol, dodecyl alcohol, dodecanethiol, tridecanol, and cetyl alcohol (high-purity grade, Novocherkassk Plant of Synthetic Products, Russia) were used without further purification.
Deca(chloromethyl)dodeca(ethoxy)decasiloxane was prepared via hydrolytic polycondensation of chloromethyltriethoxysilane. The yield of the product was 93.5%, = 1.433, and ρ = 0.9311 g/cm 3 .
As a cellulose textile, a fabric (EMPA, Switzerland) was used: mixed diacetylcellulose and ethylcellulose fibers at a ratio of 1 : 2.5, a linear density of 0.33 tex, a surface density of 1 m 2 /100 g, and a specific surface area of the fabric of 4.5 m 2 /g. The fabric was impregnated with a 1-2% alcohol solution of the synthesized oligomer. Fabric samples were dried for 3 min at room temperature in air, and the coated siloxane layer was fixed through thermal treatment at 140°С for 20 min (the duration of one cycle of thermal treatment). The process was conducted until a 3% increase in the sample mass. The surface layer of polyorganosiloxane was formed as a result of realkoxylation of ethoxy groups by hydroxyl groups of the fiber.
Further synthesis of a hydrophobic polymer coating of the fabric rated at 1 g was performed as follows. A fabric sample with the organosiloxane coating (0.0384 mmol), zinc acetylacetonate (ACC) as a catalyst (0.115 mmol), and the corresponding alcohol (0.115 mmol) were placed into a round-bottom flask. As a medium, toluene (15 mL) was used. The mixture was boiled for 1 h and kept for a day, and then the fabric was extracted, washed with acetone and water, and dried in air for one day.
1 Н NMR spectra were recorded on a Bruker AMX-400 spectrometer (400.13 MHz, DMSO-d 6 , Me 4 Si as an internal standard). Contact angles were measured on a Traker tensiometer (IT Сoncept, France) via the procedure described in [8] .
The chemical state of the fiber surface was analyzed via X-ray photoelectron spectroscopy on a Kratos Axis Ultra DLD spectrometer. Spectra were recorded with the use of monochromatic AlK α radiation. The analyzed area was ~300 × 700 μm 2 . To evade the effect of sample charging, the spectrum was recorded with a neutralizer. The concentration of elements was calculated with regard for the transmission function of the spectrometer and coefficients of element sensitivity.
RESULTS AND DISCUSSION
A grafted organosiloxane coating with alkyl and benzyl radicals was formed on the surface in two stages. At the first stage, on the fiber surface, a layer of the oligomer deca(chloromethyl)dodeca(ethoxy)decasiloxane was formed. In the course of this stage, ethoxy groups of the oligomer interact with surface hydroxyl groups of the fiber to yield an organosiloxane coating (formula (II)) via the following scheme.
As a result of fixation of anchor siloxane blocks, surface reactive chloromethyl and ethoxysilyl groups arise. They can interact with proton-donor reagents, in particular, alcohols.
The second stage of the process was conducted in the presence of a catalytic amount of ACC, which is needed for the proceeding Williamson reaction. At this stage, the modified surface was treated with butyl and higher fatty alcohols as well as with benzyl alcohol and tetradecylmercaptane. The probable schemes of the reactions involving the aforementioned compounds are given below. To find out what reaction really occurs, the method of X-ray photoelectron spectroscopy was used: Samples of modified fabric III with R = CH 2 Ph and R = C 12 H 25 were examined. The results of the spectral analysis are listed in table. The most important result is that, for samples II and III, the Si-to-Cl ratio remains close to unity. This is a conclusive indication of the reaction proceeding via the first path. An insignificant increase in the Si-to-Cl ratio after passage from sample II to samples III most probably is related to the reorientation of siloxane fragments unbound to fibers owing to bulky radicals R incorporated in the structure. The reorientation leads to the predominant arrangement of radicals R in the upper layers of coating as well as to a change in the mutual arrangement of Si and Cl atoms relative to the fiber surface.
A considerable decrease in the Si-to-C ratio on passage from sample II to samples III is due to a significant gain in the concentration of С atoms, a result that corroborates the grafting of radicals R to the siloxane coating. The fact that, in the presence of the catalyst ACC, this addition does not occur via the Williamson reaction is probably due to different accessibility of the reaction components on the solid surface and in solution.
The study of hydrophobic properties of the obtained fabrics showed that they have a higher contact angle than those of initial sample I (θ = 0°) and modified sample II (R = Et):
It is noteworthy that high θ values are attained at a concentration of the hydrophobizer on fabric of <1 wt % or 0.001-0.006 mol grafted groups per 1 g fabric.
In the case of tetradecylmercaptane, the reaction with the siloxane coating (reaction 3) seems to be absent, because the hydrophobicity of the pristine siloxane coating does not increase. This outcome is confirmed by the data of X-ray photoelectron spectroscopy, which suggest that the samples contain only traces of sulfur and that, hence, in the coating, there are no tetradecylmercaptane derivatives.
Thus, with the use of X-ray photoelectron spectroscopy, it was shown that, during hydrophobization of fabrics made from synthetic fibers based on cellulose derivatives, the reaction of alcohols with the silox- ane coating occurs through the exchange of ethoxysilane groups for alkoxy groups, whereas the expected reaction of chloromethyl groups with alcohols (the Williamson reaction) does not occur under the chosen conditions.
